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4 PRELIMINARY STUDY OF THE-EFFECT OF COMPRESSIVE LOAD
ON THE FAIRNESS OF A LOYW-DRAG WING SPECIMEN '
WITH 2-SECTION STIFTENERS

By Eagtman N. Jecobs, Bugene E. Lundquist, Milton Davidsaon,
and John C. Houbolt

" SUMBARY

A low-drag alrfoll specimen was loaded in compression,
and surveys of the falrness of the surface were made at
different gtresses as well as at zero load after succes-
glvely higher stresses had been applied and removed. The
tests reported and the discusslon of the significancs of
the regults obtained suggest 2 procedure for determining
the probable outcome of a partlcular type of coansgtruction
for a low-drag wing.

INTRODUGTION

If full advaentage 1s to be taken of the maerodynamic
properties of a low-drag wing, the wing should retain its
aerodynamically smooth and falr purface after the alirplane
hag been gubjected to 1ts maximum applied flight loed. In
order to ptudy the effect of compressive stresses on the
fairneas of the wing esurface, 2 serles of compression tests
wag mede on & low-drag—alrfoll gpecimen of NACA section
67,1~113. The wling gtructure congisted of a skin with
spanwige Z-gection pstiffeners supported by two end ribs and
two intermedimte ribs. The ptlffeners were attached to the
gkin with rivets driven by riveting method E of .reference
1. Nominal dimensions of the skiln and gtiffeners are gilven
in figure 1. As shown in figure 2, the tests were made 1ln

. the 1,200,000~pound~capacity testing machine 1n the NAQA
structures research laboratory. Compressive loads corre-
gponding to average stresses of 0, 6000, O, 15,000, O,
21,600, 0, 25,000, and O pounds per square inch were sguc~

. cepsively applied, and surveys of the falrness of the gur-
faces wore made at all except the two highest loads.




MEASUREMENT OF AERODINAMIO YAIRNESS

The merodynamic falrness of the wing was judged by
the method outlined under PPractical surface conditions
and .construction accuracy.," a section of the Discussion
in reference 2., The method employed ig summarigzed in the
following statement from reference 2: "In general, it hapg
been found that the fairness of the ilmportant forward part
of the wing 1le satlisfactory i1f a gtralght edge may bde
rolled gmoothly over the gurface, thus ladicating freedom
from flate or concavities in the normally convex gurfacea.”

A 6-inch-square grld was marked on the uoper and lower
surfaces of the alrfoll. The purveys of falrness were made
at the spanwlge center of each block in the grid and ex-
tended from 20 to about 70 percent of the chord from the
leading edge. The deviations from fairness, as detected
by the straight-edge rolling test and recorded in figure 3,
were clagsiflied as follows:

(a) The light lines indicate flat areass juet percep-
tible to the observer by means of the stralght-
edge test.

(b) The heavy lines indicate flat spots that are
clearly evident bdut are not, in general, bvad
enough to show any light under the stralght
edge.

(c) The medium lines indicate flat gpots that are
intermediate between the two foregoing
claggifications.

RESULTS OF FAIRNESS SURVEYS

The first survey wap made at zero load and, from the
resultg obtained (fig. 3), the wing could not be clearly
ghown to be aerodynamically falr before loading. The gur-
veys made at average compressive stresses of 5000 and
15,000 pounds per square inch showed a tendency toward an
increasing aumber of flat areasgs with load. When the gtress
wag reduced to gero from 15,000 pounds per square inch,
however, no clearly evident change in the extent of flat
areags from the orlginal gero~load condition was obgerved.



At a stress of 21,500 poundg per esquare ianch, a vig-
ible wave pattern had developed. gee fig. 2.) ¥When this
gstress was removed, the gurface gurvey showed that gome
additional depressions or flat areas had resulted. (See
fig. 3.) On the basie of experience gained in wind-tunnel
testing of low-drag airfolls over a period of several

.years, 1t 1p believed that these additional flat areas
would not definitely be expected to increase the drag of an
eirfoll. The survey made after application and removal of
an average compressive gtrems of 25,000 pounds per sguare
inch revealed guch an increage in the number and severity
of the permanent depresslions end flat aremg that the wing
gpecimen could definitely be regarded as not asrodynam-
1cally fair.

SIGNIFICANCE OF AERRODYNAKIC FAIRNESS AT DIFFERENT STRESSES

From data taken in an investigation of the compressive
gtrength of flat panels with Z-gection stiffeners, it was
found that the averagze ultimate stress for a skin-stiffener
combination of the same proportions as that ueed in the
airfoil epecimen was 33,000 -pounds per square inch. (See
reference 3, fiz. 6.) A4 previonsgly stated, no definitely-
goerious depreassiong and flat areas remained in the .wing
surface after removal of a stress of 21,500 pounds per
squere inch. Thls stress is 65 percent, or approximately
two-thirds, of the average ultimate streess developed by
the gtiffened panels. As the maximum load thet 1le normally
expected to be carried by an ailrplene 1s two-thirds of the
deglgn falling load, it 1is concluded that a gkin-gtiffener
structure of the relative proportions gshown in figure 1
may be regarded as satlgfectory for retelnlng an aerody-
namically fair surface after & compression load correspond-
ing to the maximum flight load haas heen applied and removed.

At zero stress or load, the gkin of an airplane may
have depregselons or waves that are due to imperfect con-
struction or are the reagult of a nreviously applied flight
load that produced permanent set in the skin. These waves
in the skin, regardless of their origin, are magnified at
gtresaes below the buckling stresss according to the follow-
ing approximate equation

8p = —2ee 5, (1)




where 8, and 8y are the depths of the wave at sero
stress and stress f, respectively, and f,, 1s the

buckling gtress. The quantlty

1

1 - 1
fcr

ig a megnification factor because 1t showes how the initial
deflection &, 1ie magnified by the stress f.

In high-gpeed level flight, the magnification factor
should be small 1n order thet glight waves and depressions

which may have been present at zero gtress are not magni-

fied to such a degree that they ceuse a significant 1in-
crease In drag. If f 1s the streass in level flight,

then “f,,, muet be large by couparison with f in order

to keep the magnificatlon fector small. The absolute mag-
nitude of f,, should also be large enough that the gstress
corresponding to the maximum apvlliad flight loed does not
exceed the buckling streass to such an extent that severe
permanent buckles are formgd in the gkin.

If an airplane wing were constructed wlth the same
skin~gtiffener proportions as the airfoll tested in this
invegtigation and if the design load factor were taken as
6.6 or higher, the wing structure would have & value of
fer 1n accordance with the foregoing requirements. With

the design load factor teken ag 6.6, the compressive gtress

in level flilght would be §%Q%Q or 5000 pounds per aquare

inch. If the buckling stress 1s taken ae 20,000 pounds

" per square inch, an approximately correct value, the mag-

nification fector for level flight is then only four-thirds.
The results of the gurvey in figure 3 at a stress of 5000
pounda per sasquare inch indicate that in the level-flight
condition such a wing would show only a sglight extension

of the initlael flet areas eand depregsions. As hag been
mentlioned previousgly, furthermore, the surveys showed that
no definitely serious permanent buckles developed in the
test spoecimen until a stress of more than two-thirds of

that corresponding to maximum strength was applied.

It is possible that a higher level-flight stresa and
a corregpondingly lower deaign load factor could be uged



with the skin~stiffener combinatlion of figure 1l without )
goriousg logs of falrness of the wing skin in level flight.
The results of the falrness surveys in figure 3 do not
permit a prediction of how much the level~-flight gtress
might exceed 5000 pounds per square inch. The fairness
gurveys do indicate, however, that the level-flight gtress
should probably be less than 15,000 pounds per sgquare inch.

CONCLUSION

The tests reported herein and the discussion of the
gsignificance of the results obtalned suggest a procedure
for determining 1n mdvance the probable outcome of a par-
ticular type of coagtruction for a low-drag wing.

Langley Memorial Aeronautical Laboratory,
National Advisory Commlttee for Aeronauticas,
Langley Fleld, Va.
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Flgure 3— Locator of flat Soofs on low-drag
airfoll specirmen under erd Cormpress/ion.
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